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ABSTRACT 
Traditionally the modelling of pumping station wet wells and pump intakes has been 
carried out using physical models.  It is generally considered that provided physical 
models are large enough the flow patterns identified and solutions developed to 
problems are reasonably reliable.  This paper considers the use of computational fluid 
dynamics (CFD) as an alternative tool to assist the engineer in the hydraulic design of 
pumping stations by comparing two alternate designs.    Encouragingly, the results show 
CFD can be utilised to produce qualitative statements regarding pumping station 
performance.  The CFD results compared the merits of modification to the inlet pipe 
across four criteria specified in the standards for pump intake design (ANSI/HI 9.8-
1998); prediction of vortices, swirl angle, velocity distribution and air entrainment.  
With regards to the prediction of vortices in the wet well, the applied CFD models 
perform well.  However, the effectiveness of the models to capture velocity distribution 
and highly swirling flows at pump intakes is debatable.  Also, there is uncertainty as to 
the reliability of air entrainment results, where free surface effects are important.  It is 
not yet claimed that CFD can replace physical modelling, but, it can provide a powerful 
tool to supplement the experience and hydraulic expertise of the pumping station 
designer. 
 
  
2 
 
University of Southern Queensland 
Faculty of Engineering and Surveying 
 
 
 
ENG4111 and ENG4112 Research Project 
 
 
 
Limitations of Use 
 
The council of the University of Southern Queensland, its Faculty of Engineering and 
Surveying, and the staff of the University of Southern Queensland, do not accept any 
responsibility for the truth, accuracy or completeness of material contained within or 
associated with this dissertation. 
Persons using all or any part of this material do so at their own risk, and not at the risk 
of the Council of the University of Southern Queensland, its Faculty of Engineering and 
Surveying or the staff of the University of Southern Queensland. 
This dissertation reports an education exercise and has no purpose or validity beyond 
this exercise.  The sole purposed of the course pair entitled “Research Project” is to 
contribute to the overall education within the student’s chosen degree program.  This 
document, the associated hardware, software, drawings, and other material set out in the 
associated appendices should not be used for any other purpose: of they are so used, it is 
entirely at the risk of the user. 
 
 
 
Professor Frank Bullen 
Dean 
Faculty of Engineering and Surveying 
  
3 
 
CERTIFICATION 
 
 
 
 
 
 
 
I certify that the ideas, designs and experimental work, results, analyses and conclusions 
set out in this dissertation are entirely my own effort, except where otherwise indicated 
and acknowledged. 
 
I further certify that the work is original and has not been previously submitted for 
assessment in any other course or institution, except where specifically stated. 
 
 
 
 
 
Barak Truasheim 
Student Number: 0050084424 
04th September 2011 
 
  
4 
 
ACKNOWLEDGEMENTS 
 
This research was carried out under the principal supervision of Andrew Wandel. 
  
5 
 
TABLE OF CONTENTS 
 
1 INTRODUCTION .............................................................................................. 10 
2 Chapter 2 – LITERATURE REVIEW ................................................................. 12 
2.1 Pump intake design ....................................................................................... 12 
2.1.1 Need for pump intake design ................................................................. 12 
2.1.2 Design objectives ................................................................................... 12 
2.1.3 Pump intake design standards ................................................................ 13 
2.1.4 Circular pump stations: clear water ........................................................ 13 
2.1.5 Circular pump stations: solids-bearing liquids ........................................ 15 
2.2 Model tests of intake structures ..................................................................... 16 
2.2.1 Need for model study ............................................................................. 16 
2.2.2 Model Objectives ................................................................................... 16 
2.2.3 Model Scope .......................................................................................... 17 
2.2.4 Measurements ........................................................................................ 17 
2.2.5 Acceptance criteria ................................................................................ 19 
2.3 Computational Fluid Dynamics (CFD) .......................................................... 19 
2.3.1 Definition of CFD .................................................................................. 19 
2.3.2 Introduction to CFD ............................................................................... 20 
2.3.3 Discretisation ......................................................................................... 20 
2.3.4 Grids ..................................................................................................... 21 
2.3.5 Boundary conditions .............................................................................. 21 
2.4 Typical use of CFD in pump station design ................................................... 21 
2.5 Multiphase Modelling ................................................................................... 23 
2.5.1 Mixture model ....................................................................................... 23 
2.5.2 Volume of fluid (VOF) model ............................................................... 26 
3 Method................................................................................................................ 28 
3.1 Problem description ...................................................................................... 28 
3.1.1 Aim ....................................................................................................... 28 
6 
 
3.1.2 Case setup ............................................................................................. 28 
3.1.3 Objectives .............................................................................................. 29 
3.2 General approach to CFD modelling ............................................................. 29 
3.2.1 Geometry ............................................................................................... 29 
3.2.2 Mesh ..................................................................................................... 31 
3.2.3 Set up .................................................................................................... 33 
3.2.4 Solution ................................................................................................. 33 
3.2.5 Post processing ...................................................................................... 33 
4 Results ................................................................................................................ 34 
5 Discussion ........................................................................................................... 35 
5.1 Expected performance from pump intake design guidelines .......................... 35 
5.2 Observed performance from field testing ...................................................... 37 
5.3 CFD Prediction of vortices............................................................................ 38 
5.4 CFD prediction of swirl angle ....................................................................... 39 
5.5 CFD prediction of velocity distribution ......................................................... 40 
5.6 CFD prediction of air entrainment................................................................. 41 
5.7 CFD testing for modification to design ......................................................... 43 
6 Conclusions ........................................................................................................ 44 
7 Bibliography ....................................................................................................... 45 
  
7 
 
LIST OF FIGURES 
 
Figure 1: Circular pump stations: clear liquids ............................................................ 14 
Figure 2 Circular plan wet well for solids-bearing liquids ........................................... 15 
Figure 3: Classification of free and sub-surface vortices .............................................. 18 
Figure 4 Turbulence models commonly available in CFD ........................................... 22 
Figure 5 Original pump station geometry .................................................................... 30 
Figure 6 Reverse pump station geometry .................................................................... 30 
Figure 7 Plan view of pump station geometry ............................................................. 31 
Figure 8 Front view, zoomed in pump throat ............................................................... 31 
Figure 9 Mesh for original geometry ........................................................................... 32 
Figure 10 Mesh for refinement based upon velocity gradient ...................................... 33 
Figure 11 Preferred geometry for submersible pumps in a round wet well ................... 37 
Figure 12 Streamlines original geometry ..................................................................... 38 
Figure 13 Streamlines reverse geometry ...................................................................... 38 
Figure 14 Swirl at pump throat for original geometry .................................................. 40 
Figure 15 Swirl at pump throat for reverse geometry ................................................... 40 
Figure 16 Velocity distribution at pump throat for original geometry .......................... 41 
Figure 17 Velocity distribution at pump throat for reverse geometry ........................... 41 
Figure 18 Air entrainment for original geometry (side view) ....................................... 42 
Figure 19 Air entrainment for reverse geometry (side view) ........................................ 42 
Figure 20 Air entrainment for original geometry (pump throat) ................................... 42 
Figure 21 Air entrainment for reverse geometry (pump throat) .................................... 42 
  
8 
 
LIST OF TABLES 
 
Table 1 Case setup ...................................................................................................... 28 
Table 2 Results ........................................................................................................... 34 
Table 3 Assessment of pump station design ................................................................ 36 
9 
 
LIST OF APPENDICES 
Appendix A: Project Specification 
10 
 
1 INTRODUCTION 
Conventional wastewater networks utilise a large number of pump stations to minimise 
sewer depth and tunnelling requirements.  The pump well and inlet sewer are usually 
designed in an empirical fashion, relying on standard designs and experience with 
previous installations.  These standard designs are often modified on an ad-hoc basis to 
incorporate different pump flow rates or specific site constraints.  These modifications 
can impact upon approach flow characteristics and result in underperformance of 
pumps.  Wastewater pump stations represent a substantial investment over the life of the 
facility and given the vast numbers used in conventional networks it is surprising to 
note that many have serious deficiencies. 
Pumps are known to experience common operational problems such as reduced flow 
rate and head, effects on power and increased vibration and noise.  In extreme cases 
pumps may suffer erosion of the impeller due to cavitation, and excessive wear of 
shafts, bearings, wear rings and couplings.  This results in severe deterioration of pump 
performance and reliability, and corresponds to a significant increase in operation and 
maintenance costs.  These problems are associated with certain undesirable approach 
flow characteristics and are caused primarily by poor design of the pump intake 
structure. 
Poor intake or wet well design may result in submerged or surface vortices, swirl of 
flow entering the pump, non-uniform distribution of velocity at the pump impeller and 
entrained air or gas bubbles.  For pumps to achieve their optimum hydraulic 
performance across all operating conditions, the flow at the impeller must limit the 
degree to which these hydraulic conditions are present.  Pump inlet conditions are often 
overlooked and misunderstood aspects of pumping station design, yet they may 
constitute the single reason for a pumping station failing to meet its required design 
flow rate. 
Over the past several decades, laboratory experiments on scale-models have been 
utilised to identify the source of particular problems with a pump sump or intake and 
find practical solutions to rectify them (Jones, 2006).  Such investigations have 
generally resulted in successful solutions to identified problems, however, physical 
model studies are time consuming and expensive.  While factors affecting the presence 
of undesirable hydraulic conditions have been known for some time, there is no 
accepted theoretical method for predicting their occurrence. 
Computational fluid dynamics (CFD) is a tool for solving fluid flow problems.  To do 
this the conservation of mass and Navier-Stokes equations are normally used.  The 
complexity of hydraulic conditions present within pump intake structures are such that 
it demands the full power of modern CFD to solve the equations of motion and 
turbulence models that involve multiple surfaces.  Additional difficulties are associated 
with modelling free surface and vortex phenomena, the physics of which are not fully 
understood.  Despite the prevalence of problems with pump stations, application of 
numerical modelling to their design is limited (Leong et al, 2008). 
This paper considers the use of CFD as a tool to assist in the design of pump intake 
structures.  In this study correlation will be sought between model results and observed 
results at an existing sewage pumping station.  This station has a history of poor 
hydraulic performance which is generally attributed to cavitation and severe vibration of 
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the pumps.  Cavitation within the pumps is evidenced by wear of the pump impellers, 
noise and ongoing maintenance issues. 
In an attempt to improve the performance of the pump station in question, the inlet pipe 
orientation was modified by rotating the shaped outlet through 180°.  Within the 
original design the inlet dropper pipe opening faced into the centre of the wet well, 
directly between the two pumps.  The modification to the station entailed rotating the 
dropper pipe through 180° so that the inlet aimed flow directly at the wall rather than 
directly at the pumps.  The modelling results will be compared to the observed results 
for each case to draw conclusions regarding the suitability of FLUENT software for use 
in designing pump intake structures. 
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2 Chapter 2 – LITERATURE REVIEW 
This chapter presents a review of relevant literature for pump intake design and 
computational fluid dynamics (CFD).  The following review contains a brief history of 
major publications and a summary of pertinent information therein.  This provides the 
background and the context for the research work undertaken.  The chapter begins with 
a detailed discussion of pump intakes and their design. 
 
2.1 Pump intake design 
2.1.1 Need for pump intake design 
In introducing this section on pump intake design it is worth noting that intake 
structures are of vital importance in the performance of pumps.  For pumps to achieve 
their optimum hydraulic performance across all operating conditions the flow at the 
impeller must meet specific hydraulic conditions.  Pump inlet conditions are often 
overlooked and misunderstood aspects of pumping station design, yet they may 
constitute the single reason for a pumping station failing to meet its required design 
flow rate (Jones, 2006).  Regardless of the type of intake, whether pressurized, sump or 
forebay, pump performance is dependent upon the provision of adequate hydraulic 
conditions at the impeller.  Pump intake design must satisfy the requirements for proper 
approach flow patterns for the following specific hydraulic conditions: 
1. Surface vortices;  
2. Submerged vortices; 
3. Swirl of flow entering the pump; 
4. Non-uniform distribution of velocity at the pump impeller; and 
5. Entrained air or gas bubbles. 
 
2.1.2 Design objectives 
Typical design objectives are to ensure that a pump station is designed according to best 
practice and conforms to the requirements set out in the American National Standard for 
Pump Intake Design (1998).  These standards restrict the degree to which the above-
mentioned undesirable flow patterns may be present.  The negative impact of each of 
these hydraulic conditions varies with pump specific speed and size.  In general, axial 
flow pumps (high specific speed) or large pumps are more susceptible to poor 
performance under adverse conditions than radial flow pumps (low specific speed) or 
small pumps.  A more quantitative study of which pump types are able to withstand a 
level of undesirable hydraulic conditions with no noticeable drop in performance has 
not been performed.  Typical impacts of adverse approach flow patterns are reduced 
flow rate and head, effects on power and increased vibration and noise. 
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2.1.3 Pump intake design standards 
Considerable effort has been expended to improve the knowledge base for pump intake 
design.  Much of this effort is reflected in the design requirements established by the 
1998 American National Standard for Pump Intake Design.  References to this standard 
are given in the abbreviated form ANSI/HI 9.8-1998 throughout this document.  
Specific sections are referenced as given in the following example, ANSI/HI 9.8.2.1.1-
1998.  The more recent book Pumping Station Design (Jones, 2006) confirms these 
standards and provides additional material developed since their publication.  These two 
documents form the basis of the literature review for pump intake design.  However, it 
is worth noting the history of their development. 
In the recent past, designers of pump intakes have relied upon research by the British 
Hydromechanics Research Association (1997) and by the Hydraulic Institute (1983).  
Such standards were confined to clear water pump stations, with discussions on solids-
bearing liquids limited essentially to weak advice.  Firstly, that flat floor areas should be 
minimised, secondly that existing successful designs should be followed and finally that 
pump manufacturers should be consulted.  In 1994 the Hydraulic Institute began 
research to expand and improve the existing standards for clean water pump intakes and 
to consider solids-bearing liquids in greater detail.  This research resulted in the 
publication ANSI/HI 9.8-1998.  Presently this standard provides engineers direction in 
the development of functional and economical pumping station intakes.  The material 
establishes firm design requirements and provides a succinct summary of information to 
promote understanding of the subject.  This standard is often referred to in the literature. 
The more recent and comprehensive text Pumping Station Design (Jones, 2006) is 
complementary to these standards and provides additional material on developments 
since their publication.  It includes improvements in pump intake basin design 
developed by the Montana State University Hydraulic Laboratory (Sanks, Jones & 
Sweeney, 1995), and information on sump design developed from full scale tests at the 
Fairbanks Morse Pump Company (Sanks, Jones & Sweeney, 1996).  This text provides 
detailed discussion of pump intakes and their design and highlights undesirable features 
that may be noticed in many sump designs. 
 
2.1.4 Circular pump stations: clear water 
Several types of pump intake basins are available and ANSI/HI 9.8-1998 provides 
design requirements for each.  The pump station under investigation within this research 
project is of circular design.  As a result, the discussion of pump intake design is 
confined to circular pump stations only.  More detailed discussion of other types of 
pump intake basins is provided by Jones (2006) in chapter 12.3. 
Small wet wells are usually round because this configuration is most economical to 
construct.  Circular wet wells are appealing because of the availability of prefabricated 
materials, ease of construction and low cost.  This design often results in a more 
compact layout when compared with alternate geometries.  A circular design can be 
used with most types of pump and for both clear and wastewater stations.  
A circular geometry results in a smaller circumference and hence minimises the 
excavation and construction materials for a given sump volume.  The availability of 
prefabricated circular construction elements and suitability of the use of caisson 
construction has made this design most popular for small pump stations.  However, 
Jones (2006) cautions that the sole use of this type of design is only applicable for 
stations of up to a single pump flow of about 200 L/s.
The ANSI/HI 9.8-1998 recommended designs
in two groups: duplex and triple
in the standard because of complex flow patterns and the subsequent need for a model 
study.  The figures outlining the 
duplex sump pumps and 
Figure 
(Original image, 
2.1.4.1 Floor clearance C
The floor clearance Cf should not be greater than necessary, because excessive flow 
clearance increases the occurrence
of the pump station due to a larger then necessary sump depth at a given submergence.  
The conditions that determine the minimum floor clearance are the risk of increasing the 
inlet head loss and flow separation at the pump inlet bell.  Submerged vortices are also 
sensitive to floor clearance.  Recommended floor clearance is between 0.3D and 0.5D, 
where D is the pump inlet
2.1.4.2 Wall clearance C
The minimum wall clearance C
is 0.25D or at least 100 mm (
2.1.4.3 Inlet bell clearance C
The minimum clearance between adjacent inlet bells of volutes is also 0.25D or at least 
100 mm (ANSI/HI 9.8.2.3.2.4
 
 of circular pump stations 
x.  Stations with four or more pumps are not addressed 
recommended designs of circular pump stations 
for clear liquids are given in Figure 1. 
1: Circular pump stations: clear liquids  
ANSI/HI 9.8.2.3-1998, figures 9.8.4 A-C
 
f 
 of stagnant zones as well increasing the overall cost 
 bell or volute outside diameter (ANSI/HI 9.8.2.3.2.2
w 
w between an inlet bell or pump volute and a sump wall 
ANSI/HI 9.8.2.3.2.3-1998). 
b 
-1998). 
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are categorised 
with 
 
) 
-1998). 
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2.1.4.4 Sump diameter Ds 
Minimum sump diameter shall be as indicated in Figure 1 (ANSI/HI 9.8.2.3.2.5-1998). 
2.1.4.5 Inlet bell or volute diameter Db 
This parameter is given by the proposed pump type and model.  For submersible and 
other pumps with a volute in the well, use the volute diameter.  For pumps without a 
volute in the wet well, use the inlet bell diameter (ANSI/HI 9.8.2.3.2.6-1998). 
2.1.4.6 Inflow pipe 
The inflow pipe shall not be placed at an elevation higher than that shown in the figures.  
This placement minimises air entrainment for liquid cascading down into the sump from 
an elevated inflow pipe.  It is important to position the inflow pipe(s) radially and 
normal to the pumps, as shown in Figure 1, to minimise rotational flow patterns.  For 
the last five pipe diameters before entering the sump, the inflow pipe(s) shall be straight 
and have no valves or fittings. 
 
2.1.5 Circular pump stations: solids-bearing liquids 
The design of circular stations for solids-bearing liquids should adhere to the general 
recommendations given above.  Additionally, ANSI/HI 9.8-1998 recommends the 
bottom of the wet well pit have sloped surfaces, or benching, around the inlet bells or 
pumps, as shown in Figure 2.  This is to ensure adequate cleaning of the inlet basin. 
 
Figure 2 Circular plan wet well for solids-bearing liquids 
(Original image, ANSI/HI 9.8.3.3-1998, figure 9.8.15) 
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2.2 Model tests of intake structures 
2.2.1 Need for model study 
The approach flow pattern in a pump intake facility is difficult to predict by traditional 
mathematics or empirical formulae.  For structures that are based upon successful 
designs it is usually sufficient to follow established design guidelines.  For large 
structures or those that differ significantly from proven designs, a model study is the 
only means to ensure success.  Research by Jones (2006) supports this view, advocating 
the use of model studies particularly if the pump station is large or deviates from the 
standard design requirements.  The cost of model investigations rarely exceeds 2% of 
the pump station cost (Jones, 2006).  This is a small price to pay to verify the 
performance expected or modify the design as necessary.  ANSI/HI 9.8.5.1-1998 
requires a model study if: 
• The geometry differs from the standard; 
• The approach flow is non uniform or unsymmetrical; 
• The single pump rate exceeds 2520 L/s or total pump rate exceeds 6310 L/s; 
• The pumps of an open bottom barrel or riser arrangement exceed 315 L/s; and 
• Pump operation is critical and financial encumbrance due to repair, replacement 
or failure would exceed 10 times the cost of model study.   
Jones (2006) confirms the above requirements and also suggests a model study is 
required if: 
• Excavation costs place a restriction upon size or depth; 
• Achieving maximum design flow is critical; and 
• An existing pump station is malfunctioning and retrofitting is required. 
 
2.2.2 Model Objectives 
A model study is used to find and correct unacceptable flow patterns in an existing or 
proposed pump intake facility.  Adverse hydraulic conditions that can affect pump 
performance include surface vortices, sub-surface vortices, swirl approaching the 
impeller and non-uniform axial velocity distribution at the pump suction.  These flow 
patterns are common and may be present to some degree in an acceptable design.  
ANSI/HI 9.8-1998 contains acceptance criteria for model studies, refer section 2.2.5.  
The following paragraphs provide a discussion of the hydraulic conditions for 
determination in a model study. 
Excessive swirl approaching the impeller is undesirable and may result in undesired 
changes in pump performance.  Pre-swirl of flow alters the inlet velocity vector at the 
impeller vanes and may result in vibration and loss of performance. ANSI/HI 9.8-1998 
defines pre-swirl as flow in which a tangential component of velocity is present in 
addition to the axial component.  Strong swirling currents near a pump intake can 
degenerate into a vortex with a severe reduction in pump life and performance. 
Strong surface vortices entrain air bubbles that collapse as they pass from low to high 
pressure across the impeller vane.  This creates noise, uneven torque, erosion, and stress 
on shafts, bearings, wear rings and couplings (Jones, 2006).  Even a small amount of 
entrained air can lead to a significant reduction in pump head and flow capacity.  Free 
surface vortices are detrimental when their core is strong enough to create low pressure 
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at the impeller.  Mild surface vortices tend to become smaller but more intense at the 
pump intake and are detrimental when their core is strong enough to cause localised low 
pressure at the impeller. 
Sub-surface vortices may form as liquid separates from walls or floors, are difficult to 
detect by field inspection and can cause similar problems to surface vortices.  Bubbles 
in sub-surface vortices consist of air that comes out of solution due to low pressures at 
the vortex core.  Jones (2006) states that sub-surface vortices create the same adverse 
effects on pump operation and, when severe, result in cavitation that quickly erodes 
metals.  
A uniform axial velocity distribution approaching the pump impeller is assumed in 
pump design.  Non-uniform flow patterns at a pump throat generate a higher load on 
one side of the impeller, bend the shaft and put extra load on the bearings and 
couplings.  This results in vibration and reduced pump performance.  Additionally, 
excessive variation in velocity with time causes similar effects and is undesirable. 
A model study is used to identify adverse hydraulic conditions and derive remedial 
measures for approach flow patterns generated by structures upstream of the pump 
impeller.  Current model studies are not intended to investigate flow patterns induced by 
the pump itself or the flow patterns within the pump.  The objective of a model study is 
to ensure that the pump intake structure generates favourable flow conditions at the inlet 
to the pump. 
 
2.2.3 Model Scope 
Selection of the model boundary and sump structures to be modelled is essential for 
accurate simulation of approach flow patterns.  Approach flow patterns continue for a 
considerable distance downstream and contribute significantly to the circulation within 
the sump.  As such, an adequate length of the upstream intake arrangement must be 
included in the model.  ANSI/HI 9.8-1998 defines the geometry for inclusion to be any 
channel or piping transitions, bends, bottom slope changes, control gates, expansions 
and any significant cross-flow past the intake. 
All pertinent sump structures or piping features affecting the flow within the pump 
intake are to be modelled.  ANSI/HI 9.8-1998 again provides guidance, requiring 
inclusion of screens, trash racks, dividing walls, columns, curtain walls, flow 
distributors, piping transitions and inside geometry of the pump bell.  Impellers are not 
modelled because the objective is to model flow patterns approaching the pump suction.  
A straight pipe equal to the pump suction diameter shall extend as least five diameters 
downstream from the pump suction to adequately capture measurements of swirl. 
 
2.2.4 Measurements 
The pump intake design standards ANSI/HI 9.8-1998 require the hydraulic conditions 
of flow, water level, surface vortices, sub-surface vortices, swirl approaching the 
impeller and velocity profile at the suction be measured.  Details of the model scenarios 
investigated as part of this research are provided in section 3.1.2.  Measurements for 
flow and water level are relatively standard to obtain and understand.  Measuring 
techniques for the remaining hydraulic conditions are detailed in the following 
paragraphs. 
Figure 3:
(Original image, 
Vortices are unsteady in 
indication of the persistence
Surface vortices vary in strength from a surface swirl or dimple to a
Free surface vortices of types 1 and 2
performance.   
Sub-surface vortices vary from pre
underwater vortices may terminate on the walls as shown in 
below the pump.  In terms of pump performance it is desirable to limit 
vortices to type 1 only. 
The swirl angle is a function of
indicates the inherent rotation of flow entering the pump.  For efficient pump 
performance it is desirable to 
Cross sectional velocity profiles of approach flow are required at a sufficient number of 
measuring points to define 
located at the pump throat with the axial component of velocity measured.  
profiles measured in a cross
measured to ensure that there are no large deviati
 Classification of free and sub-surface vortices
ANSI/HI 9.8.5.5-1998, figure 9.8.23) 
both location and strength, and intermittent in occu
, average and maximum vortex strength may be determined.
 full
 (Figure 3) have little or no impact upon pump 
-swirl of flow to an air or vapour
figure 3
 the tangential-to-axial velocity ratio as defined in 
keep the magnitude of these values relatively low
variability in the approach flow.  The cross
-sectional plane along two orthogonal diameters
ons in axial flow
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 air core vortex.  
 core.  These 
, or on the floor 
sub-surface 
).  It 
. 
-section is to be 
Velocity 
 are 
.  The optimal 
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operating condition is when there is negligible change in the axial velocity across the 
throat of the pump. 
 
2.2.5 Acceptance criteria 
The acceptance criteria for the model test are given in ASNI/HI 9.85.6-1998 as follows: 
• Free surface and sub-surface vortices entering the pump must be less severe than 
vortices with coherent cores, i.e. surface vortices of type 3 and sub-surface 
vortices of type 2; 
• Velocities at points in the throat must be within 10% of the cross-sectional area-
average velocity; 
• Time-varying fluctuations at a point shall produce a standard deviation from the 
time-averaged signal of less than 10%; 
• Air entrainment into pump inlets should be eliminated; and 
• Swirl angles entering the pump must be less than 7 degrees.  The swirl angle is 
defined in (1), where V is the tangential velocity and V is the axial velocity. 
 θ = tan	 
VV (1) 
In recent years, most of the model tests for pump stations have been completed using 
scale-model tests.  Scale-model tests are currently considered the most reliable way to 
assess pump intake designs in relation to these criteria.  Disadvantages of these kinds of 
tests are high costs, long time to build test facilities and limited access to experienced 
testing specialists.  CFD analysis has the potential of giving much more detailed 
information of the flow field at a fraction of the cost and time needed for scale-model 
tests.   
Young et al. (2011) relate CFD to a numerical experiment, in that typical fluids 
experiments involve model building, measurements of flow and analysis of results.  In 
CFD, the building of the scale-model is replaced with a virtual representation.  Also, the 
process of physically recording results is replaced with the running of a simulation on 
the computer.  The analysis of results in relation to established acceptance criteria is 
common to both modelling techniques. 
The following sections introduce CFD and present a summary of available information 
on the integration of CFD analysis in the process of designing and testing pump intake 
geometry.  This document highlights some of the important concepts in CFD but is only 
intended as a brief overview.  The concepts presented include discretisation of the 
governing equations, grid generation, boundary conditions and the application of 
commercially available CFD code to an industrial pump station. 
 
2.3 Computational Fluid Dynamics (CFD) 
2.3.1 Definition of CFD 
“The science of predicting fluid flow, heat transfer, mass transfer (as in perspiration or 
dissolution), phase change (as in freezing or boiling), chemical reaction (e.g. 
combustion), mechanical movement (e.g. fan rotation), stress or deformation of related 
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solid structures (such as mast bending in the wind), and the related phenomena by 
solving mathematical equations that govern these processes using a numerical algorithm 
on a computer” (FLUENT, 2006) 
 
2.3.2 Introduction to CFD 
For the purpose of this research project, CFD may be simply considered a tool for 
solving fluid flow problems.  To do this, the conservation of mass and the Navier-
Stokes equations are normally used.  The vector notation for these equations can be seen 
in (2) and (3) respectively. 
 
∂∂t + ∇ ∙ v = 0 (2) 
  v + v ∙ ∇v = −∇ + 	∇v + 	F (3) 
The velocity vector is v = (u,v,w), P is the pressure, 	 is the viscosity of the fluid,  is 
the density of the fluid, F represents the external forces and t is time. 
 
CFD involves approximating the partial differential equations (2) and (3) with discrete 
algebraic equations.  These discrete equations are then iteratively solved to obtain 
values at discrete points in space and time.  Young et al. (2011) explain that since the 
Navier-Stokes equations are valid everywhere in the flow field of the fluid continuum, 
an analytical solution to these equations provides the solution for an infinite number of 
points in the flow.  However, analytical solutions are available for only a limited 
number of simplified geometries.  The overcome this limitation, the governing 
equations can be discretised and put in algebraic form for the computer to solve.  The 
computer then solves for the relevant flow variables only at the discrete points which 
make up the grid or mesh of the solution.  Interpolation is used to obtain values at 
locations not coinciding with a grid point. 
 
2.3.3 Discretisation 
The process of discretisation involves transformation of the partial differential equations 
into a set of algebraic equations for discrete points in the flow domain.  Most 
commercial codes do this by breaking the problem down into many smaller parts called 
elements which are then solved using the finite volume method.  In this method the 
continuous flow field (velocity or pressure as a function of space and time) is described 
in terms of discrete values at prescribed locations.  Through numerical methods the 
differential equations are replaced by a set of algebraic equations that can be solved 
iteratively by a computer to obtain approximate solutions of problems.  Some amount of 
error is associated with this approximation.  Smaller grid sizes and grid refinement are 
methods of reducing this type of error. 
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2.3.4 Grids 
CFD computations provide the flow field at discrete points in the flow domain.  The 
arrangement of these discrete points is termed the grid or mesh.  The type of grid 
developed for a given problem can have a significant impact on the numerical 
simulation, including the accuracy of the solution.  The grid must represent the 
geometry correctly and accurately, because an erroneous representation can have a 
significant effect on the solution. 
The grid and timestep used in a simulation must be sufficiently small to capture the flow 
physics.  An increased grid resolution is generally required for turbulent flows, swirling 
flows and where large flow gradients are expected, such as in the boundary layer near a 
solid surface.  Similarly, the timestep used for unsteady flows must be smaller than the 
smallest time scale of flow features being investigated. 
Generally grids fall into two categories, structured or unstructured, depending upon 
whether or not grid points are connected systematically.  Other grids include hybrid, 
moving and adaptive grids.  A grid that uses a combination of grid elements (i.e. 
rectangles, triangles etc.) is termed a hybrid grid.  A moving grid may be helpful for the 
modelling of flows involving time-dependent geometry.  An adaptive grid will place 
additional resolution in regions of high flow gradients and may be useful for new 
problems where these regions are unknown. 
 
2.3.5 Boundary conditions 
Boundary conditions specify the flow variables at the boundary of the model.  Poorly 
defined boundary conditions can affect the accuracy of the solution and therefore are a 
critical component in simulation.  Zikanov (2010) stresses the importance of specifying 
correct boundary conditions so that a CFD simulation is able to be solved and 
accurately represents the physics of the problem.  Commonly available boundary types 
include the specification of, not more than two of, pressure, velocity and mass at the 
inlet, exit or wall boundaries.  The boundary conditions allow the governing equations 
to differentiate between different flow fields and produce a unique solution for a given 
geometry. 
 
2.4 Typical use of CFD in pump station design 
CFD offers a tool that the engineer can utilise to test and refine the design of a pump 
sump or intake structure.  The use of CFD modelling in conjunction with physical 
modelling has the potential to reduce the total cost of modelling and at times reduce the 
length of upstream inlet structure included in the physical model.  It is not yet at a stage 
where it can simulate the finer details of an industrial station, particularly the numerical 
description of swirl, fine scale vortices and air entrainment.  However, with increasing 
computer power and the implementation of new research these limitations may be 
diminishing.  It is not yet claimed that CFD can replace physical modelling, but 
research demonstrates that it can provide a powerful tool in the design process. 
The applicability of CFD in pump sump design is well established and its application 
has been documented for more than ten years (Constantinescu & Patel 1998).  Due to 
limitations in computing, a generalisation has to be made to describe the turbulence in 
the flow field.  Figure 4
models that are widely available in commercial codes.
Figure 4 Turbulence models commonly available in CFD
 
The Reynolds Averaged Navier
modelling flows within pump sumps and intakes.  These equations assume a statistical 
averaging of the turbulent fluctuations in a flow.  A subset of the RANS models, the 
two equation models are popular due to a less intensive computation effort and 
reasonable solution for use in comparisons.  The use of these models is documented in 
research into the role of the turbulence model in predicting pump vortices
Constantinescu & Patel (2000).
The use of CFD modelling in conjunction with physical modelling can 
reduce the total cost of modelling
structures upstream of the pump sump
configurations and baffle arrangements can be numerically modelled to determine
worst-case pump operation scenarios to be tested by physical modelling
producing time and cost savings
that when used to complement physical modelling, CFD can help to determine the in
flow conditions to the sump, potentially eliminating the need to physically model 
upstream inlet flow control structures and bends leading into the sump.
Jones (2006) finds that CFD is useful for predicting overall flow distribution in pump 
sumps and intakes to within about one 
however that a review by Leong 
power and the implementation 
structure of such vorticity
Published CFD simulations of the flow field in a pump sump have generally not 
considered air entrainment
Laine, Bois & Issa (2010) included simulation air entrainment through the use of 
volume of fluid (VOF) model, however, conclusions were confined to the impact
various two-equation turbulence models upon results.  Validation of suitable 
models for the hydraulic conditions present within a sump pump is required.
 
shows a list of the groups of numerical solutions and turbulence 
 
(Original image, Leong et al. 2008) 
-Stakes (RANS) equations are the industry standard in 
 
 and at times eliminate the need to physically 
.  Johansson (2005) found that various pump 
.  Additionally research by Banerjee (2007) 
 
diameter of a pump intake.  It should be
et al. (2008) suggests that with increasing computer 
into commercial codes of research findings into 
, the limitation of CFD in this type of problem is diminishing.
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2.5 Multiphase Modelling 
One of the defining characteristics of this CFD research project is the inclusion of a 
multiphase model in simulations.  This is a relatively new field of study and industrial 
studies comparing the applicability of various multiphase models have not yet been 
completed.  Applicability is generally considered in terms of consistency, stability and 
accuracy of the model.  The commercially available CFD modelling software utilised in 
this study has the capability to consider multiphase flows. 
Much of this section is devoted to the description of the two multiphase models selected 
for use within this study.  The multiphase model is employed to simulate air 
entrainment as a result of the free fall of water into the well and as a result of any 
vortices present within the vicinity of the pumps.  The multiphase models considered 
are named the mixture and VOF models, and are described in the following sections. 
 
2.5.1 Mixture model 
The mixture model solves the continuity equation for the mixture, the momentum 
equation for the mixture, the energy equation for the mixture, and the volume fraction 
equation for the secondary phases, as well as algebraic expressions for the relative 
velocities (if the phases are moving at different velocities).  This model is detailed 
within section 23.4 of the FLUENT user manual (2006).  Much of this information is 
reproduced in this section for reference. 
 
Continuity Equation 
The continuity equation for the mixture is: 
 
∂∂t ρ" + ∇ ∙ ρ"v" = 0 (4) 
where v" is the mass-averaged velocity: 
 v" = ∑ α%ρ%v%&%'	ρ"  (5) ρ" is the mixture density: 
 ρ" = (α%ρ%&%'	  (6) 
and α% is the volume fraction of phase k. 
 
Momentum Equation 
The momentum equation for the mixture can be obtained by adding the individual 
momentum equations for all phases.  It can be expressed as 
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∂∂t ρ"v" 	+ 	∇ ∙ ρ"v"v"
= −∇p +	∇ ∙ *μ"∇v" + v", - + ρ"g + F + ∇ ∙ /(α%ρ%&%'	 v01,%v01,%3 
(7) 
where n is the number of phases, F is a body force, and μ" is the viscosity of the mixture: 
 μ" = (α%μ%&%'	  (8) 
v01,% is the drift velocity for the second phase k: 
 
v01,% = v% −	v" (9) 
 
Energy Equation 
The energy equation for the mixture takes the following form: 
 
∂∂t(α%ρ%E%
&
%'	  + ∇ ∙(5α%v%ρ%E% + p6
&
%'	 = ∇ ∙ k899∇T + S< (10) 
where k899 = ∑α%k% + k is the effective conductivity and where k is the turbulent 
thermal conductivity, defined according to the turbulence model being used.  The first 
term on the right-hand side of (10) represents energy transfer due to conduction.  S< 
includes any other volumetric heat sources.  In (10), 
 E% = h% − pρ% + v%

2  (11) 
for a compressible phase, and E% = h% for an incompressible phase, where h% is the 
sensible enthalpy for phase k. 
 
Relative Velocity 
The relative velocity (also referred to as the slip velocity) is defined as the velocity of a 
secondary phase (p) relative to the velocity of the primary phase (q): 
 
v>? = v> − v? (12) 
The mass fraction for any phase (k) is defined as 
 
c% = α%ρ%ρ"  (13) 
The drift velocity and the relative velocity (v>?) are connected by the following 
expression: 
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 v01,> = v>? −(c%v?%&%'	  (14) 
FLUENT’s mixture model makes use of an algebraic slip formulation. The basic 
assumption of the algebraic slip mixture model is that to prescribe an algebraic relation 
for the relative velocity, a local equilibrium between the phases should be reached over 
a short spatial length scale.  The form of the relative velocity is given by: 
 
v>? = τ>f01C ρ> − ρ"ρ> a (15) 
where τ> is the particle relaxation time 
 τ> = ρ>d>18μ? (16) 
d is the diameter of the particles (or droplets or bubbles) of secondary phase p, a is the 
secondary-phase particle’s acceleration.  The default drag function f01C is: 
 f01C	 = G1 + 0.15ReL.MNO						Re ≤ 10000.0183	Re																Re	 < 1000S (17) 
and the acceleration a is of the form 
 a = g − v" ∙ ∇v" − ∂v"∂t  (18) 
The simplest algebraic slip formulation is the so-called drift flux model, in which the 
acceleration of the particle is given by gravity and/or centrifugal force and the 
particulate relaxation time is modified to take into account the presence of other 
particles. 
In turbulent flows, the relative velocity should contain a diffusion term due to the 
dispersion appearing in the momentum equation for the dispersed phase. FLUENT adds 
this dispersion to the relative velocity. 
 v>? = ρ> − ρ"d>18μ?f01C a − v"α>σU ∇α? (19) 
where v" is the mixture turbulent viscosity and σU is a Prandtl dispersion 
coefficient. 
 
Volume Fraction Equation for the Secondary Phases 
From the continuity equation for secondary phase p, the volume fraction equation for 
secondary phase p can be obtained: 
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 5VWW6 + ∇ ∙ 5VWWXY6 = −∇ ∙ 5VWWXZ[,W6 +(\] ^W −\] W^
_
^'	  (20) 
 
2.5.2 Volume of fluid (VOF) model 
The VOF model is used to model two or more immiscible fluids by solving a single set 
of momentum equations and tracking the volume fraction of each of the fluids 
throughout the domain. 
 
Volume Fraction Equation 
The tracking of the interface(s) between the phases is accomplished by the solution of a 
continuity equation for the volume fraction of one (or more) of the phases. For the qth 
phase, this equation has the following form: 
 
1^ ` aa 5V^^6 + b ∙ 5V^^X^6 = cd^ +(5\] W^ −\] ^W6
_
W'	 e (21) 
where m] ^W is the mass transfer from phase q to phase p and m] W^ is the mass transfer 
from phase p to phase q.  By default the source term on the right hand side, Sαq is zero, 
but provision is made for a user defined constant mass source for each phase. 
The primary-phase volume fraction is computed based on the following constraint: 
 
(V^ = 1_^'	  (22) 
The volume fraction equation may be solved either through implicit or explicit time 
discretisation.  
 
Material Properties 
The properties appearing in the transport equations are determined by the presence of 
the component phases in each control volume. In a two-phase system, for example, if 
the phases are represented by subscripts 1 and 2, and if the volume fraction of the 
second of these is being tracked, the density in each cell is given by 
  = V + 1 − V	 (23) 
In general, for an n-phase system, the volume-fraction-averaged density takes on the 
following form: 
  = (V^^ (24) 
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All other properties (e.g. viscosity) are computed in this manner. 
 
Momentum Equation 
A single momentum equation is solved throughout the domain, and the resulting 
velocity field is shared among the phases. The momentum equation, shown below, is 
dependent on the volume fractions of all phases through the properties ρ and µ. 
 
 X + b ∙ XX = −b + ∇ ∙ *∇X + ∇Xh- + i + j (25) 
 
Energy Equation 
The energy equation, also shared among the phases, is shown below: 
 
 k + b ∙ 5Xk + l6 = b ∙ 5mnoo∇p6 + cq (26) 
The VOF model treats energy, E, and temperature, T, as mass-averaged variables: 
 
k = ∑ V^^k^_^'	∑ V^^_^'	  (27) 
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3 Method 
This chapter describes the physical problem and the general approach to undertake CFD 
modelling for an industrial pump station.  The following methodology contains a brief 
explanation of the problem and a summary of pertinent steps utilised in CFD 
simulation.  The progression of steps follows the overall approach presented within the 
ANSYS workbench for a FLUENT fluid flow simulation.  The chapter begins with a 
detailed discussion of the real life problem. 
 
3.1 Problem description 
3.1.1 Aim 
The aim of this research project is to evaluate the performance of the commercially 
available FLUENT computational fluid dynamic modelling software in relation to the 
modelling of fluid within a pump sump.  In this study correlation will be sought 
between model results and observed results at an existing sewage pumping station.  This 
station has a history of poor hydraulic performance which is generally attributed to 
cavitation and severe vibration of the pumps.  Cavitation within the pumps is evidenced 
by wear of the pump impellers, noise and ongoing maintenance issues. 
In an attempt to improve the performance of the pump station in question, the inlet pipe 
orientation was modified with an observed decrease in vibration and noise.  It is 
proposed to use the FLUENT computational fluid dynamic modelling software to 
simulate both the original and the modified designs for the sewage pumping station in 
question.  Within the original design the inlet dropper pipe opening faced into the centre 
of the wet well, directly between the two pumps.  The modification to the station 
entailed rotating the dropper pipe through 180° so that the inlet aimed flow directly at 
the wall rather than directly at the pumps.  The modelling results will be compared to 
the observed results for each case to draw conclusions regarding the suitability of 
FLUENT software for use in designing pump intake structures. 
 
3.1.2 Case setup 
The two cases tested in this study capture the worst case for both the original and 
reversed inlet directions.  The worst case is considered from field tests to be when both 
pumps are operating at full speed (470 L/s) with a low water level within the wet well.  
The two cases are detailed in Table 1 below. 
Table 1 Case setup 
Case Inflow rate Pump Rate Water level Modification 
1 – Original inlet 
direction 
470 L/s 470 L/s Bottom water 
level, RL≈-7.2m 
NA 
2– Reverse inlet 
direction 
470 L/s 470 L/s Bottom water 
level, RL≈-7.2m 
Rotate inlet 180° 
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The general assumptions made for each case are: 
• Fluid properties are assumed to be clear water; and 
• No fluctuations in pumping rate and inflow (i.e. steady flow). 
 
3.1.3 Objectives 
The guidelines given within ANSI/HI 9.8-1998 provide limits of the adverse hydraulic 
phenomena for physical modelling of pumping stations (refer 2.2.5 Acceptance criteria) 
and cannot be directly applied to CFD modelling.  The criteria used in this study are 
based upon research by Zikic & Svensson (2005) and are described in the list below. 
• Vortices: Occurrence of vortices is identified by streamlines.  The patterns of 
velocity vectors can also be used to show vortices. 
• Swirl angle: Swirl angle at pump throat must be less than 7 degrees. 
• Velocity distribution: The velocity distribution criterion calls for the mean 
velocity variation at pump throat to be within 10% of the cross-sectional area-
average velocity and for the time-varying fluctuations of velocity at a point to 
not deviate more than 10% from the time-averaged signal.  However, this can 
only be considered with CFD simulation in transient mode. 
• Air entrainment: Percentage values for the volume of air are used to determine 
air entrainment. 
 
3.2 General approach to CFD modelling 
3.2.1 Geometry 
The pump station geometry was developed from as-constructed drawings using a three-
dimensional drawing tool – Rhinoceros 3D.  The whole model was developed in real 
scale and represents the water surface.  This can be pictured by filling the station with 
water and subtracting all structures, i.e. cement, pipes and pumps.  To avoid large 
difference in mesh cell size and reduce the total number of cells, the water surface was 
cleaned from small surfaces and converted to a solid.  The resulting solid was exported 
as a file in ACIS format, which was compatible for using in FLUENT’s design modeller 
tool. 
Two geometries were developed, corresponding to the original and reverse inlet 
directions.  Besides the inlet pipe work, all other features of the wet well are identical 
for both operating scenarios.  The geometry includes the pump bellmouth and throat, 
but the impeller of the pump is not modelled.  As can be seen in Figure 5 Figure 6, the 
vertical dropper pipe has been rotated through 180° for the reverse (current) inlet pipe 
configuration.  Within the original design water cascaded down into the wet well and 
then was bent through 90° and aimed directly between the two pumps.  The 
modification entailed 180° rotation of the dropper pipe and inlet so that after cascading 
down, the flow was bent through 90° and aimed directly at the wall rather than between 
the pumps. 
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Figure 5 Original pump station geometry 
 
 
Figure 6 Reverse pump station geometry 
*Refer, Figure 8 Front view, zoomed in pump throat 
* 
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Figure 7 Plan view of pump station geometry 
 
 
Figure 8 Front view, zoomed in pump throat 
 
 
3.2.2 Mesh 
The aim of the simulation was to analyse the fluid flow within the pump station.  
Considering that the quality and resolution of the mesh have a great impact on the 
results, a fine hybrid tetrahedral and hexahedral mesh of about one hundred thousand 
32 
 
cells was used.  The cell size was refined on curvature, which resulted in the areas 
around the pumps having a higher resolution when compared to the upper wet well.  
This mesh was further refined on areas with a high velocity gradient to ensure mesh 
independence. 
The flow domain was divided into a number of smaller regions for two reasons.  Firstly, 
it improved mesh quality, and secondly it enabled named selections to be created.  The 
mesh quality was noticeably improved by slicing the flow domain in regions free from 
complex geometrical shapes.  This is because a hexahedral mesh was able to be applied 
for uniform volumes.  Named selections were utilised to specify boundary conditions 
and to facilitate results viewing.  The velocity inlet, pressure outlet, wet well walls and 
pump throat are examples of named selections created. 
 
 
Figure 9 Mesh for original geometry 
Mesh independence of the solution was checked by refining the mesh within areas with 
a high velocity gradient.  This was achieved by selecting all cells with a velocity 
gradient above ten percent of the maximum velocity gradient within the pump station.  
This refinement was found to produce no significant difference in results, hence, mesh 
independence was assumed.  The cells marked for mesh refinement due to a high 
velocity gradient are shown below. 
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Figure 10 Mesh for refinement based upon velocity gradient 
3.2.3 Set up 
The numerical code employed in the investigation was set up with the FLUENT CFD 
modelling platform.  A transient simulation was selected with patched fields of either 
air or water used for the initial conditions.  It is worth noting, however, that as inflow 
equals outflow a steady state solution was eventually obtained.  The k-ε RANS model 
was used to approximate the turbulence.  Second-order discretisation of the continuity 
and momentum equations in space was employed.   
Boundary conditions were specified to reflect the real-life pump station under a steady 
condition.  The inlet pipe was specified as a velocity inlet boundary, with half air and 
half water inflow.  The pump station roof was approximated by an air-only pressure 
inlet boundary with zero gauge pressure.  The pumps were approximated by a pressure 
outlet boundary, providing a suction head of -20 kPa to maintain an appropriate wet 
well level.  Finally, all internal surfaces were assumed to be non-slip walls.   
 
3.2.4 Solution 
The process of solving a complex multiphase system is inherently difficult and stability 
and convergence difficulties were encountered.  To overcome these issues several 
hundred iterations with a small timestep were initially performed.  For stability and 
convergence it was found that a timestep of at least one order of magnitude smaller than 
the characteristic time of the flow was initially required.  This timestep was increased 
gradually. 
 
3.2.5 Post processing 
This phase included visualisation and evaluation of the results obtained in the solution.  
In this investigation, the results of the simulation were compared against those expected 
as detailed in sections 5.1 and 5.2.   
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4 Results 
The results presented within this section are obtained using the commercially available 
FLUENT CFD modelling software.  The two simulations compared the effect of 
modification to the inlet pipe for a wastewater pump station.  Four criteria are 
considered: prediction of vortices, swirl angle, velocity distribution and air entrainment.  
The table below summarises the results for the original and reverse inlet pipe 
orientations.  Outputs from the FLUENT simulation are provided throughout section 5. 
Table 2 Results 
 Vortex at 
bellmouth 
Swirl angle Velocity 
distribution 
Air 
entrainment 
Original inlet 
pipe orientation 
2 x sub-surface 
vortices of 
severity/type 
unknown 
Swirl angles 
entering the 
pump of up to 
16° 
Velocity 
distribution 
(neglecting 
boundary layers) 
±11% 
Presence of air 
entrainment into 
pump inlets  
Air volume of up 
to 19% 
Reverse inlet 
pipe orientation 
4 x surface 
vortices of 
severity/type 
unknown 
Swirl angles 
entering the 
pump of up to 
30° 
Ignoring 
boundary layers 
Velocity 
distribution 
±13% 
Presence of air 
entrainment into 
pump inlets  
Air volume of up 
to 22% 
ANSI/HI 9.8-
1998 
recommended 
values** 
Free surface and 
sub-surface 
vortices entering 
the pump must 
be less severe 
than vortices 
with coherent 
cores, i.e. 
surface vortices 
of type 3 and 
sub-surface 
vortices of type 
2 
Swirl angles 
entering the 
pump must be 
less than 7° 
velocity 
variation at 
pump throat 
within 10% of 
the cross 
sectional area 
average velocity 
and time varying 
fluctuations not 
deviate more 
than 10% from 
the time 
averaged signal* 
Air entrainment 
into pump inlets 
should be 
eliminated 
* Temporal variations can only be considered with simulation in transient model over a 
full range of well levels.  
**ANSI/HI 9.8-1998 recommended values are repeated here for ease of reference. 
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5 Discussion 
This paper considers the use of CFD as a tool to assist in the design of pump intake 
structures.  In this study correlation is to be sought between model results and observed 
results at an existing sewage pumping station.  In an attempt to improve the 
performance of the pump station in question, the inlet pipe orientation was modified by 
rotating the shaped outlet through 180°.  Two simulations were undertaken to compare 
the effect of modification to the inlet pipe.  The results of these two simulations are 
compared against the observed performance of the station to draw conclusions 
regarding the suitability and accuracy of CFD modelling in relation to pump intake 
design. 
As can be seen from this CFD experiment the original inlet pipe orientation is predicted 
to give slightly better results than the reverse inlet pipe orientation due to there being 
less potential for air entraining vortices and smaller swirl at the pump throat.  However, 
from the CFD results it should also be noted that either geometry is predicted to produce 
unsatisfactory pump performance and reliability.  This aligns to a certain extent with the 
observed performance of the station, in that neither inlet pipe orientation has resulted in 
satisfactory performance.  Limited field data is available and a distinction was not able 
to be made from observations as to whether the original inlet pipe orientation is in fact 
preferred. 
The CFD results compared the merits of modification to the inlet pipe across four 
criteria specified in the standards for pump intake design (ANSI/HI 9.8-1998): 
prediction of vortices, swirl angle, velocity distribution and air entrainment.  With 
regards to the prediction of vortices in the wet well, CFD has been documented to 
perform adequately (Leong et al, 2008, and Banerjee et alet al., 2007).  However, the 
effectiveness of the models to capture swirling flows at pump intakes is debatable 
(Leong et al, 2008).  Also, there is scepticism as to the reliability of results in cases 
where free surface effects are important (Zikic & Svensson, 2005).  It should therefore 
be noted that comparison of swirl angles, velocity distribution and air entrainment at the 
pump throat are always with reference to a base case and in all respects qualitative. 
The sections below contain specific discussion of the expected, observed and CFD 
predicted performance of the pump station.  This is followed by evaluation of the 
suitability and accuracy of CFD modelling in relation to the four criteria assessed within 
this experiment.  Finally, consideration is given to the suitability of CFD modelling in 
relation to modification of existing pump intakes. 
 
5.1 Expected performance from pump intake design guidelines 
Simply by reading design drawings, a suitably qualified engineer is able to determine 
the expected performance of the pump station in question.  ANSI/HI 9.8-1998 provides 
engineers direction in the development of functional and economical pumping station 
intakes.  The material establishes firm design requirements and provides a succinct 
summary of information to promote understanding of the subject.  An assessment of the 
pump station design in relation to the design characteristics recommended in ANSI/HI 
9.8-1998 is provided below. 
36 
 
 
Table 3 Assessment of pump station design  
Characteristic Pump station design Recommended 
ANSI/HI 9.8-1998 
design 
Within 
recommended 
design (Yes/No) 
Inlet to wet well Drop pipe with 
vertical fall 
Approach pipe with 
no vertical fall 
No 
Wall clearance (Cw) 500 mm (1.8 DB) 0.25 DB or at least 
100 mm 
Yes 
Inlet bell clearance 
(Cb) 
1300 mm (1.4 DB) 0.25 DB or at least 
100 mm
 
Yes 
Sump diameter (Ds) 5000 mm 3000 mm Yes 
Floor clearance (Cf) 300 mm (1 DB) 0.3 DB to 0.5 DB No 
Submergence for 
minimising surface 
vortices (S) 
At pump start = 2100 
mm 
At pump stop = 500 
mm 
2300 mm No 
Cleaning procedure 
submergence to 
remove floating 
solids 
500 mm (1.7 DB) 0.5 DB to 1.0 DB No 
Physical model test No physical model 
test undertaken 
Physical model test is 
required for pump 
stations where flows 
exceed 315 L/s per 
pump 
No 
 
The design of the station in question satisfies three of the eight criteria given in 
ANSI/HI 9.8-1998.  As the design does not meet the design criteria given it is 
concluded that the adverse hydraulic conditions may be present for both the original and 
reverse pump station geometries.  This conclusion is supported in the CFD results 
obtained in this study, with both simulations showing adverse hydraulic conditions 
within the wet well.  It can be argued that CFD results in line with those expected from 
established design guidelines is a form of validation of CFD.  
Interestingly, the standard ANSI/HI 9.8-1998 and the wider documents on pump intake 
design do not differentiate between the original and reverse inlet directions.  Advice 
within literature is confined to the general comments stating that an approach pipe is 
preferred to either of these arrangements.  The approach pipe concept is introduced in 
Figure 11 where flow is directed across both pump inlets rather than in between or away 
from the pumps.  Hence, the CFD modelled conclusion that the original inlet direction 
is preferred is not able to be validated from literature. 
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Figure 11 Preferred geometry for submersible pumps in a round wet well 
(Original figure from, Jones, 2006, p12.46) 
 
5.2 Observed performance from field testing 
A field assessment of the constructed pump station was carried out by experienced 
urban water network operations staff.  The purpose of this assessment was to determine 
historic and potential ongoing maintenance issues with the station.  Field assessment 
included vibration testing and consideration of a number of years of maintenance 
records at the station.  The following points were noted as a result of this investigation. 
• Both pumps have previously failed and re-built or repaired pumps have a very 
short expected maintenance-free period; 
• There is excessive vibration of both pumps, particularly at low well levels, for 
both the original and reverse inlet orientations; and 
• There is cavitation of both pumps, particularly at low well levels, for both the 
original and reverse inlet orientations. 
This field assessment provides further validation of the results obtained through the 
CFD modelling.  It is stressed that the CFD model is unverified in that it has not been 
proven directly with data from a physical model or from the full scale installation.  
Limited field data is available and a distinction was not able to be made from 
observations as to whether the original inlet pipe orientation is in fact preferred.  
However, the use of CFD has lead to the correct general and qualitative conclusion that 
both geometries are unsatisfactory. 
The following sections discuss the suitability and accuracy of CFD modelling in 
relation to the four criteria assessed within this experiment. 
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5.3 CFD Prediction of vortices 
The CFD modelled results show the presence of vortices for both geometries.  In Figure 
12 and Figure 13 CFD-generated velocity streamlines are shown.  A streamline is the 
path that a zero-mass particle would take.  The colour of the line at any point indicates 
the speed of the particle, with blue and red corresponding to low and high speeds 
respectively.  The potential for surface vortices is shown by the tight curling 
streamlines.  The CFD results show qualitative information such as the number and 
location of vortices, however, quantitative information regarding the strength of these 
vortices is unable to be accurately determined from the CFD results. 
The streamlines below generally show a more direct flow within the original geometry 
when compared to the strongly swirling flow within the reverse geometry.  For the 
original geometry the potential for vortices at two locations are shown within the CFD 
output streamlines.  These sub-surface vortices are attached to the benching (sloping 
floor) of the wet well, adjacent to and below the pumps.  It is theorised that the vortices 
are not able to organise between the pumps as much of the flow takes the shortest route 
from the dropper pipe to the pumps. 
For the reverse geometry the flow falls down the dropper pipe and is forced into the 
wall.  This causes the flow to organise into a strong swirling pattern around each pump.  
The output streamlines indicate the potential for vortices at three, or more likely four, 
locations.  It is hypothesised that as the flow is forced to rotate around the pumps, 
secondary eddies are created in the dead spots (areas of low flow velocity).  
Additionally, it is thought that flow should be symmetrical about the centre line of the 
pump station and hence, four locations for potential vortices are most likely.  It may be 
that the randomly generated particles to be tracked via streamlines did not pass through 
this dead zone for the bottom pump in Figure 13.  
Figure 12 Streamlines original geometry Figure 13 Streamlines reverse geometry 
 
With regards to the prediction of vortices in pump intake design, CFD has generally 
been documented to perform adequately (Leong et al 2008; Banerjee et al. 2007).  For a 
single pump station, Constantinescu & Patel (1998) obtained a solution from a steady-
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state k-ε model which accurately predicted the location and number of free and 
submerged sub-surface vortices when compared to Particle Image Velocimetry (PIV) 
data.  Their paper, however, outlines significant discrepancies in the velocity profiles 
obtained and suggested that transient models should be used to resolve this. 
Johansson et al. (2005) voiced their concern regarding the applicability of CFD 
modelling to pump intake design, stating that the evaluation of vortices and the resulting 
swirl using CFD is unacceptable due to their unsteady, unstable and intermittent nature.  
In recent years Tokyay & Constantinescu (2006) documented efforts to model the 
unsteady and meandering nature of vortices using Large Eddy Simulation (LES).  The 
results produced a more accurate quantitative description of vortices in the sump as 
compared to RANS models.  However, et althe computational effort required for a 
relatively simple geometry makes this approach impractical at the moment (Leong et al. 
2008). 
This experiment utilised a k-ε model as per the Constantinescu & Patel (1998) study.  
As such it is reasonable to assume the obtained results correctly predict qualitative 
information, such as the number and location of free and sub-surface vortices.  
However, research suggests that reliable quantitative data, such as the velocity profiles, 
is not yet practical.  With this in mind it is unreasonable to expect accurate classification 
of free and sub-surface vortex type from the CFD results obtained in this study. 
 
5.4 CFD prediction of swirl angle 
The CFD modelled results show very high swirl angles for both geometries.  In Figure 
14 and Figure 15 predicted swirl angles up to 16° and 30° are shown for the original and 
reverse geometries respectively.  The formula for swirl angle, (or velocity angle in 
FLUENT) is given in (1).  Positive values indicate swirl in an anticlockwise direction 
when looking from above, conversely negative values indicate swirl in a clockwise 
direction when viewed from same.  In the figures below the reader is observing swirl 
predictions for the pump towards the top of the page as shown in Figure 7.  The colour 
red indicates positive swirl angles of 20° and blue indicates negative swirl angles of -
30°. 
For the original geometry swirl angles of up to ±20° are predicted.  The reader will 
likely also note that the swirl is higher than the ANSI/HI 9.8-1998 recommended ±7% 
and that the swirl is off-centre.  This creates uneven loading on the pump shaft and 
bearings.   For the reverse geometry the swirl angle ranges from -30° to 20°.   Again the 
swirl is higher than desirable and off-centre.  It is theorised that the very high negative 
swirl for the reverse case is the result of the very strong rotation within the wet well. 
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Figure 14 Swirl at pump throat for 
original geometry 
Figure 15 Swirl at pump throat for 
reverse geometry 
However, the effectiveness of the models to capture swirling flows at pump intakes is 
debatable.  Leong et al. (2008) states that the isotropic treatment of Revnolds stresses 
using eddy viscosity models such as the two-equation k-ε and k-ω turbulence models 
cannot accurately capture the effects of strong swirling flows.  Second moment closure 
methods, such as the Reynolds Stress Model (RSM) are normally used to give a more 
accurate representation of such flows.  However, RSM is not as numerically robust as 
two equation models and considerable time may be required on mesh refinement and 
the adjustment of relaxation factors.  As a result, RSM is generally not the preferred 
turbulence model for complex geometries. 
Another key issue with computing swirl angles in CFD is its uncertainty when 
compared with that calculated from physical experiments.  As detailed by Leong et al. 
(2008), the influence of the swirling vane on the flow field is uncertain.  From physical 
experiments, Wicklein et al. (2006) noted that flow instabilities lead to both clockwise 
and anti-clockwise swirls to be observed.  It is suggested that this may lead to lower 
average swirl angle results from physical experiments when compared to steady-state 
CFD simulation.  Despite generally over-predicted swirl angles, Wicklein et al. (2006) 
cited the results to be a correct reflection of the physical results.  It should be again 
noted that CFD models are generally considered to provide qualitative results rather 
than providing an exact quantity. 
 
5.5 CFD prediction of velocity distribution 
Temporal variations in velocity over the full range of water levels within the wet well 
are not considered in the simulation.  The criterion specified within ANSI/HI 9.8-1998 
indicates time-varying fluctuations of velocity at a point should not deviate more than 
10% from the time-averaged signal and that mean velocity variation at pump throat 
must be within 10% of the cross sectional area average velocity.  However, this can 
only be considered with CFD simulation in a time-dependent mode and with varying 
water level in the wet well.  Also, it is worth noting that during the literature review the 
author could not find a previous study in which this criterion was fully considered.  The 
likely cause is the additional level of complexity introduced by running transient 
simulations to reflect the full range of operational conditions.    
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Figure 16 Velocity distribution at pump 
throat for original geometry 
Figure 17 Velocity distribution at 
pump throat for reverse geometry 
CFD modelled results were extracted for the velocity distribution at the pump throat for 
reference only and are shown in Figure 16 and Figure 17.  As for each of the other 
criteria, these results are for a transient simulation until steady-state conditions are 
reached.  Where both inflow and outflow equal 470 L/s, the well is at a low level and 
both pumps are running (refer 3.1.2).  The velocity distribution diagram for both 
geometries shows a uniform increase in velocity consistent with the boundary layer 
effect.  These regular layers are ignored in velocity distribution calculations.  
For the original geometry a region of lower axial velocity coincides with the region of 
highest swirl angle in Figure 14.  Ignoring boundary layer effects, it is concluded that 
the velocity for the original geometry varies from 5.07 m/s to 6.38 m/s, giving a range 
of ±11% from the nominal average of 5.72 m/s.  The variation is slightly lower than the 
reverse geometry, which shows irregular layers for a velocity range from 4.69 m/s to 
6.13 m/s, giving a range of ±13% from the assumed average of 5.41 m/s.  However, 
comparison with the relevant standards could not be made as the simulation was not 
undertaken over a full range of well levels.  It is concluded that transient CFD 
simulations over the full range of pump operating conditions, for the prediction of well 
level dependent velocity profiles within the pump throat are not feasible at this time. 
 
5.6 CFD prediction of air entrainment 
The CFD results show air entrainment at the pump throat for both geometries.  In Figure 
18Figure 19 and Figure 19 CFD generated contours are shown.  The contours indicate 
the air volume fraction within the water.  The colour red represents mostly air, 
conversely blue represents mostly water.   
The CFD results shown that at low well levels the pumps will ingest air for either 
geometry and this is undesirable.  Further to this, the CFD results suggest a higher air 
volume fraction at the pump throat for the reverse geometry when compared to the 
original geometry, as shown in Figure 20 and Figure 21.  However, the effect of this 
slightly higher air volume fraction is unknown, as literature on the subject is confined to 
advice that air entrainment at the pump throat should be eliminated. 
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Figure 18 Air entrainment for original 
geometry (side view) 
Figure 19 Air entrainment for reverse 
geometry (side view) 
*Refer, Visualisations: Fluid Mechanics and **Refer, Soh et al. (1998) 
Figure 20 Air entrainment for original 
geometry (pump throat) 
Figure 21 Air entrainment for reverse 
geometry (pump throat) 
Air entrainment is difficult to capture with CFD analysis, especially when free surface 
effects are important, as is the case in a wastewater pumping station.  Published CFD 
simulations of the flow field in a pump sump have generally not considered air 
entrainment through the use of a model for two phase flow.  Bayeul-Laine, Bois & Issa 
(2010) included simulation of air entrainment through the use of the VOF model, 
however conclusions were confined to the impact of various two equation turbulence 
models upon results.  Further research into suitable multiphase models for the hydraulic 
conditions present within a sump pump is required. 
In general, there is scepticism as to the reliability of results in relation to air 
entrainment.  Leong et al. (2008) suggests that with the present limitations on 
computing and turbulence descriptions, there are still challenges to be overcome in 
relation to the accurate modelling of multiphase phenomena such as air entrainment and 
cavitation due to air entrained in vortex formation. 
* 
** 
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Encouragingly, the large scale CFD results shown within Figure 18 and Figure 19 align 
with observable physical phenomena.  The Institute of Hydraulic Research provides 
video footage of the effects of fluid compressibility and records effects similar to those 
observed near the top of the vertical inlet pipe.  In this case the fluid surface creates a 
wavy pattern as shown in the top red rectangle within Figure 18.  Additionally, Soh et 
al. (1998) provide high speed footage of the impingement of a water jet column into the 
free surface of a reservoir.  The entrainment of air during the impact of the jet creates a 
void in the shape of a truncated cone as observed in the bottom red rectangle within 
Figure 18.  However, uncertainty as to the accuracy of the fine detail variation in air 
entrainment shown within Figure 20 and Figure 21 still exists.  
Interestingly, the mixture and VOF multiphase models were trialled within this study to 
determine the model applicability in terms of convergence and stability.  The mixture 
model was found in this case to be significantly less stable when compared to the VOF 
model.  A steady state solution was not able to be obtained for the mixture model 
despite using an initial timestep as small as 10-6 seconds. 
 
5.7 CFD testing for modification to design 
The above sections compared suitability and accuracy of CFD modelling across four 
key criteria.  However, comparison has not yet been made between the relative time cost 
of CFD simulation when compared with the alternative approach of testing design 
modifications using physical model studies.  Traditionally the modelling of pump 
station wet well and pump intakes has been carried out using physical models.  
Although there are difficulties and limitations on scaling air and sediment movement 
and the vorticity that can develop around pump intakes, the scaling laws for water 
movement are well known.   
Leong et al. (2008) considers that provided the model scale is large enough, the use of a 
scale-model with same Froude number will result in similar flow patterns.  Issues such 
as the swirl and the potential existence of vortices around the pump intakes can be 
investigated and designs adjusted to provide acceptable flow conditions into the pumps.  
However, issues such as sediment and air entrainment cannot be scaled down in the 
same way.  The development of an acceptable design in this regard does still rely on the 
expertise of the design engineer and modeller. 
Physical models studies are not cheap, however, in the context of the cost of a large 
pumping station, this cost may be warranted.  One of the advantages of a physical 
model is that once the general structure is built it is relatively easy to make minor 
changes within the wet well, such as the addition of baffles or vanes.  This means that 
the cost of a physical model study is reasonably fixed with minor design modifications 
easily incorporated.  The major issue with physical model testing lies in the time it takes 
to build and test a model.  Generally a time of two-to-three months is allowed.   
CFD analysis on the other hand can produce results within a much shorter time frame.  
The major disadvantage however is that all changes to model geometry require new 
flow computation, and often the whole time-consuming procedure from geometry and 
mesh generation through to simulation and evaluation was repeated.  Frey et al. (2004) 
suggest the modification in CFD simulation is often more time consuming than a similar 
modification in scale-model testing.  But as Leong et al. (2008) suggest, where time and 
budget is limited CFD can lead to acceptable solutions, provided the modelling is 
viewed by a hydraulic engineer experienced in the design of pump sumps.   
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6 Conclusions 
Traditionally the modelling of pump station wet well and pump intakes has been carried 
out using physical models.  It is generally considered that provided models are large 
enough the flow patterns identified and solutions developed to problems are reasonably 
reliable.  This paper considers the use of CFD as an alternative tool to assist in the 
design of pump intake structures, the results of which may be used in decision making 
on the integration of CFD analysis in the process of redesigning the geometry of the 
pump station in question.   
As can be seen from this CFD experiment the original inlet pipe orientation is predicted 
to give slightly better results than the reverse inlet pipe orientation due to there being 
less potential for air entraining vortices and smaller swirl at the pump throat.  However, 
from the CFD results it should also be noted that either geometry is predicted to produce 
unsatisfactory pump performance and reliability.  This aligns to a certain extent with the 
observed performance of the station, in that neither inlet pipe orientation has resulted in 
satisfactory performance.  Limited field data is available and a distinction was not able 
to be made from observations as to whether the original inlet pipe orientation is in fact 
preferred. 
The CFD results compared the merits of modification to the inlet pipe across four 
criteria specified in the standards for pump intake design (ANSI/HI 9.8-1998); 
prediction of vortices, swirl angle, velocity distribution and air entrainment.  With 
regards to the prediction of vortices in the wet well, CFD has been demonstrated to 
perform adequately.  However, the effectiveness of the models to capture swirling flows 
at pump intakes is debatable.  Also, there is uncertainty in the reliability of air 
entrainment results where free surface effects are important. 
Encouragingly, the results show CFD can be utilised to produce qualitative statements 
regarding pumping station performance.  Nonetheless a key point that should be 
conveyed to the Water Authority responsible for the station in question is that one 
cannot treat the computations as always correct when performing flow simulations.  It is 
quite possible to obtain a fully converged solution for the CFD simulation, but this is no 
guarantee that the results are physically correct.  As such it is important to remember 
that CFD is a tool and needs to be used appropriately and under the guidance of a CFD 
specialist and experienced hydraulic engineer to produce meaningful results. 
In general terms it is concluded that CFD is useful for predicting the overall flow 
distribution in pump sumps and intakes.  Research suggests it can be utilised to produce 
qualitative results useful in making comparisons between alternate designs, however, 
the numeric quantities predicted are not a guarantee of station performance.  For 
pumping stations the critical problems of vorticity, swirl and air entrainment do 
highlight limitations in the present knowledge of the physics of these phenomena and in 
the capability of the present generation of CFD models to model them accurately. 
It is not claimed that the figures on swirl angle predicted by a CFD model are 
necessarily precise; in fact evidence is that this is not the case.  Neither is it claimed the 
CFD yet enables the detailed modelling of velocity profiles in the critical areas around 
the pump intakes.  But CFD does provide a comparative assessment of different options 
and combined with practical knowledge and experience is becoming a powerful tool in 
pump intake design. 
45 
 
7 Bibliography 
American National Standard 1998, Pump Intake Design, ANSI/HI 9.8-1998, Hydraulic 
Institute, United States of America. 
Banerjee, Indranil, Padmakumar, Anand Babu, & Vaidyanathan 2007, Impact of Ring 
Baffles on the Pool Hydraulics of a Scaled Model, 7th Asian Computational Fluid 
Dynamics Conference, Bangalore, India. 
Bayeul-Laine, AC, Bois, G & Issa, A 2010, Numerical Simulation of flow field in water-
pump sump and inlet suction pipe, 25th IAHR Symposium on Hydraulic Machinery 
Systems, IOP publishing, Syria 
Constantinescu, GS & Patel, VC 1998, Numerical Model for Simulation of Pump Intake 
Flow and Vortices, Journal of Hydraulic Engineering, American Society of Civil 
Engineers, United States of America. 
Fluent User Manual 2006, Fluent 6.3 User Guide, Fluent Inc. 
Frey C, Springer P, Kothe B & Baumgarten S (2004) Optimisation of waste water 
pumping station architecture Using CFD Analysis, Validated by Model Testing, 
Pumps+System Association, Frankfurt, Germany 
Hydraulic Institute Standard 1983, Centrifugal, Rotary and Reciprocating Pumps, 14th 
edn, Hydraulic Institute, United States of America. 
Johansson, AE, Stacey, PS, White, DK & Lin, FB 2005, Advancements in Hydraulic 
Modelling of Cooling Water Intakes in Power Plants, Proceedings of PWR2005, ASME 
Power, Chicago, Illinois. 
Jones, GM, Sanks, RL, Tchobanoglous, G & Bosserman II, BE 2006, Pump Station 
Design, 3rd edn, Elsevier, Sydney. 
Leong, MCM, Clark, PB, Balck & Veatch 2008, CFD modelling of pump sumps, Water 
and Wastewater Pumping Stations, BHR Group, United Kingdom. 
Prosser, MJ 1977, The Hydraulic Design of Pump Sumps & Intakes, British 
Hydromechanics Research Association, Cranfield, England. 
Sanks, RL, Jones, GM & Sweeney, CE 1995, Improvements in pump intake basin 
design, National Technical Information Service, Springfield. 
Sanks, RL, Jones, GM & Sweeney, CE 1996, ‘Better sumps for pumps’, Proceedings of 
the Engineering and Construction Conference, Denver, pp. 393–398. 
Soh, WK, Khoo, BC & YUEN, WY (1998) High Speed Visualisation of Water Jet 
Impinging on a Free Surface, 13th Australasian Fluid Mechanics Conference, 
Melbourne Australia.   
Tokyay, T, & Constantinescu,SG (2006) Validation of a Large Eddy Simulation model 
to simulate flow in pump sump intakes of realistic geometry, Journal of Hydraulic 
Engineering, American Society of Civil Engineers, United States of America. 
46 
 
Visualisations: Fluid Mechanics 2011, Institute of Hydraulic Research, Iowa, viewed 
2nd September 2011, 
http://www.engineering.uiowa.edu/fluidslab/referenc/processes.html 
Wicklein, E, Sweeney, C, Senon, C, Hattersley, D, Schultz, B & Naef, R (2006) 
Computation Fluid Dynamic Modelling of a Proposed Influent Pump Station, 
Proceeding of the WEFTEC, Dallas, United States of America. 
Young, DF, Munson, BR, Okiishi, TH & Huebsch, WW (2011), A Brief Introduction to 
Fluid Mechanics, John Wiley & Sons, United States of America. 
Zikanov, O 2010, Essential Computational Fluid Dynamics, John Wiley & Sons, United 
States of America. 
Zikic, S & Svensson, T 2005, Integration of CFD analysis in the process of defining 
pump station geometry, Third International Conference on Water and Wastewater 
Pumping Stations, ITT Flygt AB, Sweden 
  
47 
 
APPENDIX A: PROJECT SPECIFICATION 
  
48 
 
University of Southern Queensland 
 
FACULTY OF ENGINEERING AND SURVEYING 
 
Eng 4111/4412 Research Project 
PROJECT SPECIFICATION 
 
 
FOR:   BARAK TRUASHEIM 
 
TOPIC:  CFD MODELLING OF A PUMP INTAKE 
 
SUPERVISOR: ANDREW WANDEL 
 
ENROLMENT: ENG 4111, EXTERNAL, SEMESTER 1, 2011 
   ENG 4112, EXTERNAL, SEMESTER 2, 2011 
 
PROJECT AIM: It is proposed to undertake research using FLUENT 
computational fluid dynamic modelling software to model fluid 
within a sewerage pumping station.  In this study correlation will 
be sought between model results and observed results. 
 
SPONSORSHIP: NONE 
 
PROGRAMME: ISSUE A, 14TH MARCH 2011 
 
1. Research background to the project, including the history of 
poor performance at the station and the previous remedial 
works; 
 
2. Research information related to pump intake design to 
appreciate the available literature, context and implications of 
the project; 
 
3. Design and carry out a modelling programme using FLUENT 
software to collect data; 
 
4. Compare and evaluate modelled versus observed results; 
 
5. Draw conclusions regarding the suitability of computational 
fluid dynamic modelling in pump intake design; and 
 
6. Submit an academic dissertation on the research. 
 
AGREED: 
 ____Approved____ (STUDENT) ____Approved____  (SUPERVISOR) 
 
 _25_ / _03_ / _11_   (DATE)    _25_ / _03_ / _11_   (DATE) 
 
